It is widely believed that the neural patterns of temporal coding within the auditory periphery and CNS change following cochlear hearing loss, and a number of recent studies have aimed to more fully understand and characterize these changes. In these studies, noise exposure has been a common method for inducing hearing loss in animal models. Unfortunately, its effects are nonspecific,affecting both inner and outer hair cells as well as the surrounding tissues. Because of this mixed hair-cell damage it has been difficult to tease apart the specific effects that each of these pathologies has on temporal coding. In the present study, we used the chemotherapy drug carboplatin to induce inner hair cell(IHC) specific lesions in the cochleae of chinchillas. Using acoustically evoked potentials and acute single fiber recordings from the auditory nerve, in parallel with computational modeling, we have investigated the effects of IHC damage on temporal coding. Preliminary findings in carboplatin exposed chinchillas, which show near-normal ABR thresholds, showed a decrease in ABR amplitudes at high sound levels, as well as a decrease in the strength of both envelope and fine-structure coding in frequency following responses. Research supported by NIH (NIDCD) R01-DC009838 and T32-DC00030.
INTRODUCTION
In clinical settings, hearing loss is most often quantified in terms of threshold shift and much less attention is given to higher sound levels. Recent evidence has shown that even when threshold remain normal, neural degeneration could be present following cochlear trauma (Kujawa and Liberman, 2009) . Following moderate noise exposure, temporary threshold shifts are observed, but thresholds return to normal levels within a few weeks. Even after thresholds return to normal, ABR amplitudes at higher sound levels were shown to be reduced. Histological preparations showed a reduction in the total number of ribbon synapses present in inner hair cells (IHCs) postexposure suggesting that the reduced ABR amplitudes are the result of a reduced number of IHC/auditory-nervefiber synapses.
In the study presented here, animals were exposed to the chemotherapy drug carboplatin, which has been shown to induce IHC specific lesions (Trautwein et al., 1996; Wang et al., 1997) . Following ototoxic exposure, outer hair cell (OHC) function was assessed using DPOAEs while neural function was assessed using ABRs.
METHODS
6 normal adult chinchillas (400-600 g) were used for this study. The animals were free of illness throughout the study. Baseline ABR and DPOAEs were recorded and make up the normal-hearing data set. Following the collection of baseline data, animals received a single dose of carboplatin (38 mg/kg, i.p.). Animals were reevaluated 4 weeks following exposure. Sounds were presented to one ear in a sound-attenuating booth. DPOAEs were collected across f 2 frequencies from 500 to 10000 Hz, with 75 dB SPL primary tones.
ABRs were recorded using subdermal needle electrodes. Stimuli consisted of 5-ms tones presented at 5 different frequencies: 500, 1000, 2000, 4000, and 8000 Hz. Threshold was established by systematically decreasing sound level until ABR waves were no longer observable. Once threshold was established in each animal, high sound level ABRs were collected at 70, 80, and 90 dB SPL.
During all experiments, animals were anesthetized with ketamine (50-60 mg/kg, i.p.) and xylazine (1-1.5 mg/kg, subcutaneous). All procedures were approved by the Purdue Animal Care and Use Committee.
RESULTS AND DISCUSSION
Carboplatin was used in this study for its ability to selectively target IHCs (Trautwein et al., 1996; Wang et al., 1997) . In order to confirm normal function of OHCs following carboplatin exposure, DPOAEs were collected. DPOAEs are believed to be caused by nonlinear distortions and to be related to the electromotility of OHCs (Shera and Guinan, 1999) . As sound pressure waves act on the basilar membrane, OHCs act as biological motors to further drive the basilar membrane vibration and locally amplify the signal. This added vibrational energy is conducted back out of the ear and can be detected in the ear canal.
DPOAEs were collected before and 4 weeks after carboplatin exposure. DPOAE data from all animals pre-and post-exposure is shown in Figure 1 . Average DPOAE amplitudes are shown as solid lines in the figure. As seen in Figure 1 , DPOAE amplitudes were not affected by carboplatin exposure and suggest a normal functionality of the OHCs across the cochlea. Neural function before and after carboplatin exposure was evaluated using ABRs. The evoked potentials represent a population response from the whole auditory nerve and brainstem nuclei. Figure 2 shows the thresholds for both normal hearing and carboplatin exposed animals. Across all frequencies, thresholds remained the same 4 weeks after exposure. FIGURE 2. ABR thresholds before (black) and after carboplatin exposure (red). No significant changes in threshold were observed following exposure.
ABR wave I amplitudes were measured at high sound levels (>70dB SPL) and were averaged across frequency. This is illustrated in Figure 3 below. Normal-hearing chinchillas showed greater wave I amplitudes than those exposed to carboplatin. Normal thresholds following carboplatin would indicate that at low sound levels signal transduction is not significantly affected by this dose of the drug. At higher sound levels, ABR amplitudes were reduced, possibly suggesting either a smaller population response or a supra-threshold degradation in IHC transduction. These results are similar in nature to those seen by Kujawa and Liberman (2009) , suggesting that one possible explanation is that carboplatin is disrupting some percentage of IHC/AN fiber synapses but leaving enough low-threshold fibers so that the ABR thresholds are not altered. Normal Hearing Carboplatin Exposed ABR wave I amplitude at high levels
